Efecto del desgomado por hidratación sobre la depuración de los aceites de orujo de alta acidez.
The degumming result of the following factors was studied: the temperature of hydration, the percentage of water in oil and the contact time at the hydration temperature. The hydration at 95°C with 2% water for a contact time of 15 min resulted in maximum removal of phosphorus of the oil with minimum oil losses. The same purification result was also attained at 80°G with 2% water and for a contact time of 15 min causing 2.19% greater losses of the oil. Under these conditions the hydration resulted in an about 35-48% removal of the phosphorus in crude oil. The residual phosphorus was removed by subsequent alkali neutralization.
INTRODUCTION
Most solvent extracted oils contain considerable amounts of phosphatides, metal complexes and other mucilagineous material which must be removed from the oil by the degumming process. The presence of phosphatides increases the risk of losses due to the formation of emulsions during the alkali treatment and a disagreeable flavor may occur after deodorization (1) . The degumming is carried out immediately before neutralization or concurrently with it (2).
Various methods for degumming of oils have been suggested: a) Treatment with inorganic acid (e.g. H3PO4, HCI, H2SO4, HNO3, HBO3, etc.) (2) (3) (4) (5); two main processes are in use: dry and wet degumming (6) . b) Treatment with organic acid or acid anhydride (e.g. acetic, citric, oxalic acid, maleic anhydride, etc.) (4) (5) (7). c) Water degumming (hydration). Water degumming is especially applicable to crude oils with high content of phosphatides, in which case lecithins can be obtained (1) (2).
Crude vegetable oils contain different types of phospholipids: phosphatidyl choline (PC), phosphatidyl inositol (PI), phosphatidyl ethanolamine (PE), which are hydratable and phosphatidic acid (PA) and phytospingolipids which are nonhydratable (8) . PA and PE are present as Ca and/or Mg salts (9) .
Degumming exploits the affinity of phosphatides for water by converting them to hydrated gums. Hydration occurs with the ionic part of phospholipid molecule (10) . The hydrated gums are insoluble in oil and permit their removal by centrifugation (11) (12) . The rate of hydration varies substantially for the different phosphatides, so that PC and PI are fast hydratable, and PA and PE are slower hydratable (9) . The position of H3PO4 in the phosphatidic molecule is also important for hydration. a-Lipoids are hydratable and may be removed by water degumming. (3-Lipoids, which are not hydratable, remain in the oil and they are removed during the alkali refining (12) (13) (14) . Metal complexes are precipitable as insoluble phosphates by phosphoric acid treatment (14) . Nonhydratable phosphatides may originate during the extraction because of an enzymatic reaction due to the presence of moisture. The Alcon process aims to the deactivation of this enzyme by a treatment which prevents the formation of nonhydratable phospholipids (9) (11). According to this process, it is claimed that the phosphatides can be removed by water degumming to a low residual content, below 0.1% (11) .
In water degumming the amount of water, the temperature of hydration and the contact time are of great significance for hydration of phosphatides (15) . Usually, water is 2-5% to oil and the contact time with the oil at the tempera-ture of hydration is 10-30 min (1) (13) . The temperature of hydration is 60-70°C (11) (13), when lecithin production from the byproducts is desired. Since the purpose of hydration is the degumming, a higher temperature is used, namely80-90°C(3) (13) .
The purpose of this research was to study the water degumming of solvent extracted olive oil under different conditions of hydration and to examine the quality of the obtained degummed oils.
EXPERIMENTAL

Materials
The crude solvent extracted olive oil with the following characteristics was used:
Free Fatty Acid (expressed as oleic acid): 25.51%. Phosphorus: 220 ppm (phosphatides: 0.613%). Unsaponifiable Matter: 3.53%. Iodine Value: 73.5.
Experimental Technique
500 g of crude solvent extracted olive oil were heated to the hydration temperature. Hot water was added dropwise to the oil under stirring (750 rpm). When the addition of the water was completed, the agitation was reduced (500 rpm) and the mixture was stirred at the same temperature for a time equal to the contact time. The oil was then allowed to settle and the hydrated phosphatides were separated by centrifugation (3500 rpm). The hydrated gums were dried at 70°C for 24 h to remove the water and then extracted with petroleum ether to remove the oil held. Experiments of degumming by hydration were conducted at 80°C and 95°C, at a percent of water to oil 2% and 5% (w/w) and for a contact time of 10 min and 15 min.
A larger scale experiment (4.5 kg) under the best conditions of degumming was conducted using the same procedure. Followingly the degummed oil was splitted into samples of 500 g which were neutralized at 60°C with 10°Be NaOH or at 70°C with 20°Be NaOH. NaOH solution containing 10% NaCI was used in 10% excess. After settling, the soapstock was separated by centrifugation (3500 rpm) and the oil was washed with hot water and dried. The degummed and the neutralized oil were examined for their quality characteristics. Each experiment was duplicated and the average of the results is presented.
Analytical methods
a) Free fatty acids (%) were determined by the lUPAC method and are expressed as oleic acid (16) . b) Phosphorus content was determined colorimetrically by the phosphovanadomolybdate method. The equivalent phosphatide content of the oil was calculated by multiplying the percentage of phosphorus by 27.86 (17).
c) The unsaponifiable matter was determined according to the official AOCS method Ca 6a-40 (18).
RESULTS AND DISCUSSION
The crude solvent extracted olive oil had a content of 220 ppm phosphorus. The results of the degumming experiments under different conditions of hydration are presented in Table I . The method of water degumming caused a 35-48% decrease of phosphorus of the crude oil depending on the conditions of hydration. As shown in Table I the degumming result was influenced mainly by the contact time of hydration and less by the temperature or the amount of water of hydration. The degumming result was improved with longer contact time (15 min). The degumming for a 20 min contact time was examined, but it did not contribute to a significantly improved purification of the oil. It is known that degumming by hydration causes a less satisfactory removal of phosphatides with respect to the removal attained when acids are used as degumming agents (5) (7). The water degumming can attain a 80-95% removal of the phosphatides that are present in the crude oil (2) (13). In our experiments, the obtained removal of phosphorus was not very high. Phosphatide purification efficiency is depended however on the oil, so that the removal of phosphorus ranges from 40 to 60% (5) (7). In solvent extracted olive oil this may be attributed to the large amounts of nonhydratable phosphatides present. To our knowledge the literature on the identification of the olive kernel oil phosphatides is limited. Among the phosphatides that have been identified in olive kernel are phosphatidyl choline and ethanolamine, both of which have oleic acid as a main fatty acid (19) .
The analysis of the separated gums is shown in Table  II . They contained water, phosphatides insoluble in petroleum ether and some amount of oil. From the results it is obvious that the degumming result was better when the amount of the separated gums (dry basis) was higher. Also, in these cases, the amount of oil that the gums contained was smaller.
Comparing the degumming result (Table I) with the losses of the oil held in the gums (Table II) it can be seen that under the hydration conditions of 95°C with 2% water the maximum removal of phosphorus with the minimum
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losses of the oil was obtained. However, degumming at 80°C with 2% water had an equivalent result in oil purification with 2,19% higher oil losses than that at 95°C with 2% water. Thus, the second conditions should be preferred since the same result is obtained under milder conditions. tions of hydration of 80°C with 2% (w/w) water and 15 min contact time were selected. The alkali neutralization which followed the degumming, reduced the phosphorus content of the neutralized oil to 1-4 ppm depending on the conditions of neutralization (Table V) , achieving an almost complete removal of phosphatides. In addition to the decrease of the phosphatides content of the degummed oil the other quality characteristics which are significant for the oil, are presented in Table III . In all the examined conditions of hydration an increase of the acidity of the degummed oil was observed. This increase can be attributed to the increase of the fatty acids concentration in the degummed oil after the removal of the gums or to the partial hydrolysis of the triglyceridic molecules. The increase of the acidity was higher for the longer contact time of hydration. From the other features of the degummed oils, the unsaponifiable matter (%) decreased during the hydration, but did not vary significantly with the conditions of degumming. The Iodine Value of the degummed oil increased after the hydration and did not vary much with the conditions of degumming. The features of the oil held in the gums are shown in Table IV . The acidity of that oil was about the same with the acidity of the degummed oil when the contact time was short, but it was smaller for longer contact time. The oil in the gums contained more unsaponifiable matter than the degummed oil and had an iodine value between the value of the degummed and of the crude oil.
Alkali neutralization is the most suitable method for the neutralization of water degummed or partially purified oils, because it contributes to the removal of the nonhydratable phosphatides (12) (13) . In order to examine whether the alkali neutralization leads to a complete purification of the oil, a larger scale experiment was conducted. The condi- 
CONCLUSIONS
The water degumming of high acidity solvent extracted olive oil did not result in complete removal of phosphatides. The greater removal of phosphatides (representing removal of phosphorus) obtained under the examined conditions was 48% of the principal phosphatide content of crude oil. The increase of the contact time of hydration contributed to a larger removal of phosphorus.
The method of phosphatides hydration was not suitable for the complete degumming of solvent extracted olive oil with high acidity. It was satisfying only for the partial purification of the oil removing 35-48% of the principal phosphorus content of crude oil. Complete removal of phosphatides was done during alkali neutralization.
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